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Abstract
A detailed -^Fe Mossbauer spectroscopy study of the
texture of a Be-Fe alloy (.25 wt % Fe) has been made. This 
was done using the angular dependence of the electric quad­
rupeds interaction at the Fe sites in the hexagonal Be matrix. 
The preferred orientation of the c-axes of the crystallites 
has been found and is specified with respect to a suitable 
set of sample axes. This measurement has been made through 
the development of a special constant velocity technique, 
which reduces the measurement time significantly. The 
measured texture is found to be consistent with the method 
by which the alloy was prepared. A quantitative measure of 
the c-axis distribution about the preferred orientation direc­
tion has been obtained by collecting Mossbauer spectra at 
several angles between the preferred orientation direction 
and the gamma-ray direction. The data have been compared to 
two theoretical models for the c-axis distribution, each hav­
ing a single fitting parameter. It is found that the fitting 
is sensitive to the parameter chosen for a specific model but 
not to the model itself. The important consequence of the 
latter result is that a collection of samples can be compared 
quantitatively in a reasonable amount of time. A specific 
procedure for doing this has been described.
iii
T-1961
Table of Contents Page
Submittal Sheet . . . . . .  ..........................  ii
A b s t r a c t ...................   iii
Table of Contents  ............................   . . . iv
List of Figures   . . . . . . . . .  v
Acknowledgment.......................... vi
I. Research Objective ...................................  1
II. Introduction . .     2
A. Texture     . . . . .  2
B. M*o*ssbauer Effect  .................   5
III. Theory .  ...........  10
IV.. Experiment  ..................................... 19
A. The Beryllium-Iron S ample....................... 19
B. Mb’ssbauer Spectrometer............................ 19
C. MSssbauer G o n i o m e t e r .............................. 2k
D. Procedure................................  25
1. Determination of the Preferred Orientation . 28
2. Determination of the Ratio R(£) . . . . . . .  32
V. Results and D i s c u s s i o n ..............................Jk
A p p e n d i x ............................  kk






1. a. Temperature distribution in the liquid just
before nucleation.......... . . . . .    4
b. Temperature distribution in the liquid just
after nucleation..............   4
2. Schematic diagram of the nuclear energy levels for
a single line source and a quadrupole-split absorber 
and the corresponding MSssbauer spectrum. . . . . .  8
3. The relation^between the gamma-ray direction, the
unit vector P describing the preferred orientation 
and the c-axis of a single crystallite in the poly­
crystalline sample. .  ............................... 13
4-. Models for D(A)
a. Rectangular distribution..................... . . 15
b. Triangular distribution......................... . 15
5. R versus § for single crystal, random distribution,
and theoretical rectangular and triangular distri­
butions.................     17
6. Sample location from cut-away view of ingot............ 20
7. Block diagram of Mc5ssbauer spectrometer. . . . . . .  21
8. Pulse height spectrum..........    23
9. Mossbauer Goniometer  ..............................26
10. The sample location in the sample holder with the 
unit vector P defined in terms of the angles
otp, q with respect to the sample axes x* , y* , and 
z • < . . . . . . .   ................................. 27
11. The two resonance lines with the corresponding
velocities............   29
12. The first angular scan at constant velocity........35
13. The final angular scans at constant velocity . . . .  36
1^. Mtfssbauer spectra at three sample orientations . . .  38




I would like to express very special thanks to Dr.
Don L. Williamson for his help, patience, and understand­
ing.
I would like also to thank Dr. R.W. McAllister and 
Dr. F.S. Mathews for their help and Mr. Jack Kintner for 
his assistance in machining the equipment needed for the 
experiment.
I wish to express my thanks to R. Krenzer for supply­
ing the sample of Be-Fe and to Elane Sanderson from the 
Rocky Flats for providing information about the Mb’ssbauer 
sample. ^
I would like to acknowledge the financial support 
from University of A1-Fatah.
Finally, special thanks to my mother Fatma, my father 




The purpose of this research project was to obtain a 
quantitative measure of the preferred orientation of the 
crystallites in a Be-0.25 wt?S Fe alloy supplied by the 
Rocky Flats ERDA Plant. The preferred direction of the c- 
axes of crystallites (the texture) was to be measured and 
specified with respect to a suitable set of sample axes. In 
addition, a measure of the distribution of the c-axis orien­
tations about the preferred direction was to be obtained.
These texture and distribution measurements were to be made 
c nusing -"Fe Mossbauer Spectroscopy. Since, to our knowledge, 
this method has not been used for texture measurements, 
there was to be emphasis on the development of experimental
ftechniques for efficient collection of data pertinent to 
texture. A theoretical model was to be developed to aid in 
the interpretation of the data.
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The preferred orientation or texture of a solid is de­
fined as a condition in which the distribution of crystal 
orientations is nonrandom. For example, undergoing a change 
of phase in a mold from liquid to solid, the crystals in a 
mold may tend to develop a preferred orientation in crystal­
lizing from the melt. There are several other reasons for 
the existence of a preferred orientation (1,2), but here we 
will stress the development of a texture upon solidification 
since the sample studied here has texture developed in this 
way.
On solidification in a mold, the metal ingot freezes 
in three stages distinguished by characteristic arrangement 
of crystal sizes and shapes: (i) the outer chill zone which
consists of small equal-sized crystals usually having a ran­
dom orientation; (ii) the intermediate columnar zone where a 
very strong preferred orientation is frequently known to 
occur, such that the crystals are elongated in the direction 
of heat flow (normal to the mold walls); (iii) and finally 
the central zone which represents the last metal to freeze 
and which consists of equal-sized and random crystallites.
The central zone is not found in pure metals, i.e. texture
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is present there.
The mechanism by which this solidification texture is 
produced is as follows (3* 5):
The molten metal cools off to a temperature where 
nucleation can occur. For the nucleation to occur, a tempera­
ture distribution like the one shown in Fig. la is necessary 
ahead of the mold wall. The nucleation will take place near 
the mold wall since it is the coldest temperature. After the 
nucleation has taken place, a profile for the temperature 
shown in Fig. lb will result because of the latent heat of 
fusion liberated.
Now the nuclei at the interface are faced with a ther­
mally supercooled layer into which they can shoot out dendrite 
arms with growth velocity proportional to some function of the 
supercooling. This situation will not last long because the 
latent heat released in forming the dendrites soon removes 
the temperature inversion ahead of the interface. When this 
occurs the temperature contour ahead of the liquid-solid 
interface changes to one with rising temperature gradient and 
growth proceeds through the advance of a stable interface.
The direction in which these dendrites grow is crystallogra- 
phic and known as the dendritic growth direction. The direc­
tion of dendritic growth depends on the crystal structure of 
the metal, e.g. the hexagonal close-packed structure has a 
< lolo> dendritic growth direction.
The industrial importance (1, 2) of the texture lies 
in the fact that most single crystals are anistropic, i.e.
T-1961
FIGURE 1
a. Temperature distribution in the liquid just before 
nucleation.
b. Temperature distribution in the liquid just after 
nucleation.
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they have different properties in different directions.
Thus, having a texture means having directional properties 
to a greater or lesser degree depending on the degree of 
texture. This gives the materials physical and mechanical 
properties vastly different from those of the corresponding 
random aggregate.
The traditional method to determine the nature of 
these textures is x-ray diffraction (1,2,6). But here we 
have used another method for their characterization, namely 
the Mbssbauer effect.
B. The MSssbauer Effect
For an atom or a nucleus, it seems that the cost of
an emission or absorption of a photon is to recoil in order
to conserve momentum. This, however, is not always the case.
If the atoms or nuclei are embedded in a crystalline lattice,
the whole crystal may pay the cost. Since the crystal is so
massive compared to the atom, even if it is minute by micro-
10scopic standards (e.g. about 10 atoms in a crystal that is
o1 in size) the recoil energy is vanishingly small. This 
means that most of the photons (gamma-rays) are emitted with 
no energy loss and can be absorbed resonantly by another 
atom of the same type bound in a solid. The emission and the 
absorption of the gamma-rays without imparting any recoil 
energy to the nucleus are the essential elements of the 
Mbssbauer Effect. This remarkable effect was discovered by 
Rudolf L. Mb’ssbauer in 1957. Since then the effect has been
T-1'961 6
extensively studied and used in almost every field of science. 
The reader may consult the literature for details of the ori­
gin and uses of the effect (7-1*0.
For our experiment, we utilized the 1^.^ kev transi­
tion between the ground state and the first excited state of 
57 57^ rFe. Our source (-^Co in palladium) is mounted so it moves 
with known speed relative to the absorber (beryllium slab con­
taining a known amount of -^Fe atoms). This velocity of the 
source is to produce a modulation of the gamma-ray energy
through the first order Doppler effect. To enable one to
—8sweep through the entire resonance (~10“ ev), velocities of
the order - 1 mm/sec are required.
The resulting Mbssbauer spectrum looks like the one 
shown in Fig. 20 The center of the spectrum does not usually
occur at zero velocity. This shift S of the centroid is due
to two effects: the isomer shift (7 >15) and. the second order
Doppler effect (16).
The isomer shift is a result of the finite size of the 
nucleus so that the atomic s-electrons have a finite proba­
bility of being found inside the nucleus interacting with 
the nuclear charge distribution (the electrostatic nuclear- 
monopole interaction). This interaction causes slight shifts 
of the nuclear energy levels (^10-  ̂ ev).
The second order Doppler effect is due to the fact that 
the iron atoms in the source and the iron atoms in the ab­
sorber have different environments, i.e. have different Debye 
temperatures ( Q p = 27^ °K in Pd and 1440 °K in Be) (17).
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The difference in Debye temperatures gives rise to a differ-
2ence between the mean-squared-velocity of the source < v^ >
2and that of the absorber < va > which, according to the 
theory of relativity, affects the gamma-ray energy. The 
energy shift can be calculated in units of velocity from the 
second order Doppler effect relation:
E = |c «>!> - < > )
Fig. 2 shows the energy level of the first excited 
state of the absorber to be split into two levels producing 
two possible absorption transitions, m^ = - ^ m j = “ 2 
and mj = - j -► m^ = - 7?, where m^ is the magnetic quantum 
number associated with the spin I. This splitting is caused 
by the nuclear quadrupole interaction (for details see section 
III). The important feature of the nuclear quadrupole coup­
ling which we are going to utilize for our experiment is that 
the resonance line intensities (i.e. transition probabilities) 
depend on the angle between the incident gamma-ray direction 
and the principal axis of the electric field gradient (EFG) 
at the nucleus (see section III). The sign of the EFG on
iron is found experimentally to be negative in beryllium (18).
+ 2 + 1This means that the - j levels and - ^ levels of the excited
+ 2states shown in Fig. 2 will be reversed, i.e. the - j level 
will be lower in energy. Experiments done earlier on iron 
impurities in beryllium showed at room temperature that the 
quadrupole splitting^Eq = -O.568 mm/sec and the shift 
S = +.118 mm/sec with respect to iron metal (18).
1-1961 8
FIGURE 2
Schematic diagram of* the nuclear energy levels for a single 





































Another previous experimental result which is of par­
ticular importance here is that at room temperature the 
fraction of photons absorbed without energy loss to the 
lattice is the same parallel to and perpendicular to the 
beryllium c-axis within an experimental uncertainty of about 
1% (19). This isotropy is important in that we can attribute 
any angular dependence only to the quadrupole interaction.
A theoretical comparison of vibrational anisotropy effects 




The interaction of the quadrupole moment Q of a nucleus
with the electric field gradient V _(= ) produced by the
0 z 2
electrons and ions surrounding the nucleus is a hyperfine 
interaction known as the nuclear quadrupole interaction.
The Hamiltonian for this interaction is given by (7)
Hq = f.?Yzz ( 3i2 - I2 ) (1)
y 4 1 ( 2 1 - 1 )  z
where e is the electron charge, I is the nuclear spin angular
Amomentum operator, T is the z-component spin operator, and 
I is the nuclear spin quantum number.
In Eq. 1 we have assumed axial symmetry (V = V )
ts O
since the hexagonal structure of our sample (Be) possesses 
such symmetry. Applying Eq. 1 to -"Fe, we know that only 
the excited state (I = ^) has a quadrupole moment so that the 
Hamiltonian of the interaction has the eigenvalues
E o = + e QV , E 1 = - e Q V ^+ 1 E zz + I E zz - 2  - 2  ^
+ 3 + 1where - g and - g are the magnetic quantum numbers m^ of the
a ' o 3 1 1 3Iz operator, i.e. for I = g, ~ £ ’ 2 ’ "2’* “2"
Thus the quadrupole interaction splits the excited
<7state of the Fe nucleus into two levels separated by an 
energy of A E q = eQVzz/2. This results in a Mdssbauer spec­
trum with two absorption peaks separated by a velocity
T-1961 11
corresponding to-A Eq . See Fig. 2.
If we assume that we have a monochromatic, unpolarized 
source and a single crystal absorber, it can be shown (21)
that the ratio of the absorption area corresponding to
1 2 . . 1 1  the 2 2 'krans:L't;:Lon absorption area of the 2 2
transition is
A^ P^ ( )
A1 ” (e-,f )
where P^ {&,<?) is the angular dependent transition probability
for a transition from the ground state to the first excited
state with m^ = - while P̂  represents the transition
probability for a transition from the ground state to the
+ 1first excited state with m^ = - -g-. & and <p are the polar and 
azimuthal angles of the incident gamma-ray beam with respect 
to the principal axis of the single crystal absorber (the 
crystalline c-axis in the case of Be). Because of the axial 
symmetry of the EFG, there is no cf dependence in either of 
the transition probabilities, and it can be shown (21) that
- k(l + cos2̂ ) (2)
Pj = k(j + sin2s>-)
where k is a constant, so that
Ao 1 * cos2fi
R <*> = if = § + sin2* (3)
Remember that Eq. 3 is valid for a single crystal and there­
fore must be modified for the case under consideration here,
T-1961 12
i.e. for a polycrystalline sample with a texture.
To make a generalization of Eq. 3 (20), we need to 
introduce a distribution function D ( A )  representing the 
relative volume of the crystallites with c-axes oriented within 
the solid angle d52 = sinA dA dft where the angles are defined
* A Ain Fig. 7 » P BXid. c are unit vectors representing the 
gamma-ray direction, the preferred orientation and the c- 
axis direction of a particular crystallite, respectively.
So in this case, we must integrate over all orientations A 
and/? with the ’weighting function” D(A) in order to obtain 
the average probabilities P^ and P^ (Eq. 2). Note that we 
are assuming azimuthal symmetry in the preferred orientation 
distribution, i.e. D(A,/5) = D(A).
The ratio of the areas R(£) becomes
^ o 0 1 ^  D CA) Sjs) A d )* d/$
A j £ J  DC*)  ̂d ( 4 )
where the angle <9 is given by (see Fig. 3)
(5)
Integrating over the azimuthal angle ft , we get
%
£(&) — “3 (z + 2 Col S cos )* -e Si’Q S s\A X) D(A) X  JX
Cos & Cos'  ̂—  3 slrt’ S Sirt'ty DCAj 5//i ̂  A
Some general properties of R(S) are as follows!
(1) R(£) is maximum when & = 0° provided D(A) has its maxi­
mum value at A = 0. Such a D(A) is the physically 
reasonable situation.
(2) R(S) is minimum when & - n /2 provided D(A) has its
T-1961
FIGURE 3
The relation between the gamma-ray direction, the unit
Avector P describing the preferred orientation and the c- 
axis of a single crystallite in the polycrystalline sample
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minimum value at X =  u/2 .
(3) R(S) = 1 at &= sin“  ̂  ̂S. = $l±°l±l±' independent of D(A). 
This value of & makes the arguments of both integrals 
in Eq. 6 equal.
These features will be seen in a later figure (Fig. 5)-
For calculation purposes Eq. 6 can be put into a more 
convenient form
Ac&) = / ----------   L£_____________ _ l  (7)
icza -t- > + o - 3 <-°i S) -?A2J
where
(8)/* ̂
I, = / dc-A) W A
Now we are going to consider two models for D(A).
See Fig. 4. These models are chosen for ease of calculation 
and may appear somewhat unphysical but, as will be seen, 
they provide an adequate means of characterization of the 
experimental data.
a. Rectangular Distribution
In this case the distribution function D(A) has a 
constant value , from A = o to A = A ̂ , and is zero beyond
that. Physically, this corresponds to having constant
probability of crystallite c-axis orientation between zero 
and A^, and zero probability of c-axis orientation between 
A^ and n/2.
Using Eq, 8 we find










AcM ciatf* O isJ'rifa u  H o /3
D<j
3,
D ( A ;
b
flawedo/rj O  / Sfy'&ts H a r t
X  \
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I2 = D1 ( 1 - cos A 1)
When I^and are substituted into Eq. 7, we then 
have an intensity ratio which contains the parameter A i.e. 
R = R(6 ,A^). This ratio is plotted (solid lines) in Fig. 5 
for two values of A ̂ .
linearly decreasing probability of thecaxis orientation from
So that R = R(£,A2). This ratio is plotted (dashed 
lines) in Fig. 5 for two values of the parameter A
For comparison of the rectangular and triangular dis­
tributions the values of A^ are chosen to be the same as 
those for A Thus for example, one may see from Fig. 5 for 
A^ = A ̂  that the triangular distribution yields a signifi- 
cantly larger value of R at $ = 0°.
adjusted to give best agreement with experiment. These best 
fit values will thus be a quantitative measure of the strength
b. Triangular Distribution
The distribution function D(A) for this case has the 
form D(A) = D«(l- ). Physically this corresponds to a
Aa maximum at P to zero at A and above. 
Again, using Eq. 8 we find
(8-b)
These two models will be used in the analysis of our 
experimental ratios R(<£). The parameters A ̂  and A will be
T-1961 17
FIGURE 5
R versus b for single crystal, random distribution, and 









of the preferred orientation, i.e. the smaller the values of 
A^ and A ^ » the stronger the preferred orientation.
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IV. Experiment
A. The Beryllium-Iron Sample
The Be-0.25 wt# Fe alloy used in this experiment was 
supplied hy the Rocky Flats ERDA Plant. The alloy was pre­
pared in the following way: known amounts of high purity
heryllium and iron were melted in an induction furnace. The 
melt was poured into a graphite mold which was sitting on a 
graphite block. This block was kept cool by a continuous 
flow of water through a copper chill plate which was in direct 
contact with the block. This caused the heat to flow mainly 
through the mold bottom. Our Be-Fe Mdssbauer sample was 
taken from the location shown in Fig. 6. It has the shape 
of a square slab with dimensions 0.75 x 0.75 x 0.20 in-̂
(1.905 x 1.905 x .508 cm-^). The thickness was uniform to 
better than
B. Mdssbauer Spectrometer
A block diagram of the Mdssbauer spectrometer is shown 
in Fig. 7. The proportional counter used for detecting the 
14.4 kev gamma-rays is filled with Kr-C02 gas. A voltage 
of 1800 volts was supplied to the counter with an Ortec 446 
high voltage power supply. The pulses from the proportional 
counter were preamplified and shaped using an Ortec 109PC
T-1961 20
FIGURE 6
Sample location from cut-away view of ingot. The original 
size of the ingot was x 2" x 2". The small arrow shown 
on the top of the sample was inscribed hy the machinist in 
order to define the orientation of the sample with respect 







Block diagram of MUssbauer spectrometer.
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preamplifier. The pulses were further amplified with an 
Ortec 486 amplifier. These signals could he sent directly 
to the ADC of the multichannel analyzer for pulse-height 
analysis. A typical pulse height spectrum obtained with the., 
beryllium sample in place between the source and the detec­
tor is shown in Fig. 8 where the various peaks are identi­
fied. We show this figure in order to point out the escape 
peak. This peak is due to those 14.4 kev gamma-rays which 
have lost 12.5 kev of energy to the krypton atoms in the 
proportional counter, thus leading to a peak at about 1.9 
kev. Since the escape peak is due to 14.4 kev Mdssbauer 
gamma-rays, it can be used in addition to the direct 14.4 
kev peak for improved counting rates. This was done using 
the "multiple regions of interest" and "integration" features 
of the Tracor Northern multichannel analyzer. In this mode 
of operation, several regions of interest can be selected 
in the pulse height spectrum and the total number of counts 
in these regions of interest summed by internal integration. 
In our case, two regions of interest were selected (indicated 
by vertical lines in Fig. 8) to correspond to the 14.4 kev 
gamma-ray energy and the escape peak due to the 14.4 kev 
gamma-rays.
The motion of the source can be controlled in two ways 
through the velocity drive which delivers signals causing 
the source to move with constant velocity or constant accel­
eration. The constant velocity mode enables one to collect 
data at a given velocity, while the constant acceleration
T-1961 23
FIGURE 8
Pulse height spectrum. The horizontal axis is actually an 
energy axis with 1 kev corresponding to 6.2 channels.
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mode collects data over a range of velocity. The latter mode 
is the common technique for obtaining a complete spectrum.
The synchronization between the multichannel analyzer 
and the velocity (in the case of the constant acceleration 
mode) is also controlled by the velocity drive unit by sup­
plying address reset signals to the analyzer.
In the case of the constant velocity mode, we used a 
commercial transducer and velocity drive unit made by Elscint, 
and for collecting and storing data a Tracor Northern 7i0 A 
multichannel analyzer was used.
For the constant acceleration mode, a home-built trans­
ducer and velocity drive unit were used along with a Scipp 
kOO multichannel analyzer.
The data were read out of the multichannel analyzers 
using a standard model 33 teletype. The resulting paper tape 
was used in computer analysis of the spectra.
G . Mffssbauer Goniometer
The goniometer used (shown in Fig. 9) was designed to 
give three possible rotations. The sample holder was made 
of lead to collimate the gamma-rays. This was done in such 
a way that the portion of the sample transmitting the gamma- 
rays was uniform for all orientations. The sample was 
mounted in the way shown in Fig. 10 and rotated about the 
angles ©  and <£> shown in Fig. 9.
The direction of the preferred orientation can be 
represented by a unit vector P in terms of the angles 0  andCp
T-1961
in the matrix form
A ■  oP =\ (cos© _ c o s O rt) J 'cos^o
sin© \ [cosot^ \
(cos©  ̂ sin<p ) 1 = lcos^^y (9)0y V;
where 0  Q and 0 q are the angles for which P has the same direc 
tion as the incident gamma-ray. ©  and0 Q are determined by 
the experiment as described in section V. Cos^^, c o s ^ 2 *
Aand cos^<^ are the direction cosines of P with respect to
the set of sample axes shown in Fig. 10.
Using the following transformation matrix
/ cos© -sin© sinCp -sin© sin0  \
T =| o cos0 -si n(p I 7
\ sir©' cos© sin 0  cos© s i n $ /
y\P at any arbitrary© or 0  is found from
P ( 0 ,0 )  = T P (®O , 0 O) (10)
Now that P (© , 0 )  is known, the angle 8 (Fig. 3) between P
Aand the gamma-ray direction y can be found from




cos & = sin ©  sin©o + cos ©  sin 0  cos 0 Q sin (pQ +
cos ©  cos 0  cos 0 O c o s 0 Q (12)
D. Procedure
To make a series of complete Mbssbauer spectra at 







The sample location in the sample holder with the unit vec-
A
tor P def ined in terms of the angles ^ ^  ^  3 with respect
1 » »to the sample axes x , y , and z . The arrow on the right 
side of the sample was inscribed upon fabrication in order 
to demonstrate the orientation of the sample with respect





accurately would be time consuming. In order to avoid this 
problem, we used the constant velocity mode and measured
the counting rates only at the velocities corresponding to
+ l + 3 "̂ *1the maximum resonance of the mj = - ^ “ 2 anĉ  m i = ” 2
+ 1- 2 transitions. The lines and the corresponding velocities 
are shown in Fig. 11. This enabled us to obtain a high de­
gree of statistical significance in just a few minutes at 
each setting of 0  and 0  on the goniometer.
It was pointed out in the theory section that the 
maximum ratio of the areas occurs at b = 0°. At this value
of b the unit vector P describing the preferred orientation
(shown in Fig. 3 and given by Eq. 9) is aligned with the 
gamma-ray direction. Thus by obtaining counts and at 
and , respectively, a quick measure of the relative 
line intensities is obtained from T - N^/N^, and this should
Abe a minimum when P is aligned with the gamma-ray beam. Below 
is the detailed procedure by which this alignment was ob­
tained and following is the procedure used for obtaining 
several complete Mtfssbauer spectra.
A1. Determination of the preferred orientation P
The Mb’ssbauer goniometer was set so that 0 and 0 
were zero. This corresponds to the Be-Fe slab being at right 
angles to the gamma-ray direction. The window also was set 
in such a way that only two regions of interest were counted, 
the 14.4- kev gamma-ray peak and the escape peak. Our task 
was to determine the velocities and (shown in Fig. 11)
T-1961 29
FIGURE 11
The two resonance lines with the corresponding velocities.
and are the counts at maximum resonance of the ^
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at which the counting rate was minimum. The values of and 
were estimated using the values of the quadrupole splitting 
and the isomer shift given in the introduction, to be -.225 
mm/sec and + .3^3 mm/sec, respectively. This enabled us to 
start our scan in the neighborhood of these values.
The velocity was changed, by means of a ten turn 
potentiometer on the velocity drive unit, by small increments 
and for each setting counts were recorded for 600 second 
intervals until and were determined. The count rate 
was on the order of 10,000 counts/sec. The settings for the 
velocities and were used throughout the experiment.
They were periodically checked and found to be stable.
With the velocities Vj and known, data were 
collected for various ©  andCp using the following methods 
one of the angles was kept constant while the other angle 
was changed by 5° or 10°. For each value o f ©  and 0, counts 
(N^) were determined for a time interval T for the velocity 
V^, then the counts (N^) were recorded for 2T for velocity 
and finally back to the velocity where counts (N^) for 
T seconds were obtained to make a total of 2T seconds spent 
at each velocity. This was done in order to avoid effects 
of any drift in the electronics of the system. For low 
counting rates, which occurred at larger values o f ®  and0  
(where the sample becomes thicker), the above process was 
repeated enough times to obtain statistics comparable to 
those at smaller© and<p . Also the counting rate affects 
the gain of the system, causing the peaks in the pulse height
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spectrum to shift from their original positions. This re­
quired the window (i.e. region of interest settings) to be 
periodically checked and adjusted. This, however, raised 
the question of whether the setting of the window was the 
same for all values o f ©  and 0  and if not, would it affect 
our results? Since our background (or noise) counting rate 
was quite small, we find this effect to cause negligible 
error (see Appendix).
To find the values o f ©  and 0  where the ratio r = 2̂.
N1is minimum (0 a n d 0 Q) the following iterative procedure 
was used: the angle 0  was kept at zero while the ratio r
was recorded as a function of the angle ©  using the method 
described above, and the approximate value of ©  which makes 
r minimum was determined. This© was designated ^©Q. The 
angle ©  was then kept at ^0O » and the ratio r was found as 
a function of 0  by the same method, and the approximate
value of 0  which makes r minimum was determined and desig-
1 1 nated 0 Q. The angle 0  was then kept at 0  , and a second
scan through© was made where the procedure described above 
was used in order to obtain sufficient statistics to yield 
with an accuracy of about - 3°* At ©  = ^©Q , the angle 
0 o was found in the same manner. These angles obtained 
from the second iteration were taken as the final experi­
mental values of © ^  a n d 0  . This was done because it waso o
found that %) and were not significantly different from
"(J)0 and ^0O » respectively. Studies of other samples may re­
quire more iterations than used here. At these values o f © o
a n d 0 Q , the preferred orientation unit vector P (given by
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Eq. 9) is aligned with the gamma-ray direction, i.e. the 
angle %> in Fig. 3 is zero.
2. Determination of the ratio R(^)
Having found the direction of the preferred orienta­
tion, a series of complete Mfcfssbauer spectra were obtained 
using the constant acceleration mode for several values of 
the angle 6 where b is given by Eq. 12. This was done by 
fixing© a t © Q and rotating the goniometer through the 
angle 0  over a range of 85° in 5° steps. To check the 
assumption of the azimuthal symmetry of the distribution 
function D(A) stated earlier, we took two spectra for two 
values o f ©  with 0  = 0  .
The Mossbauer spectra obtained were analyzed with a 
computer program. This computer program does a least-squares 
fit of a sum of Lorentzians to the experimental data. The 
nature of the Lorentzian line shape is discussed in most 
theoretical nuclear physics books (15* 22). The area of a
TVLorentzian line is given by 2* 1  where ^  ‘t̂ Le full width
at half maximum and I is the intensity at maximum resonance.
The fitting of the sum of the two Lorentzians corresponding 
to the two resonance lines was done with the following para­
meters :
(i) Off resonance number of counts
1 3(ii) The intensity 1^ of the 2 2 (number of
counts)
1 1(iii) The intensity 1^ of the 2 "2 -*-̂-ne (number of
counts)
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(iv) The position of i -» 5- line (channel number)
1 1(v) The position of 2 ~2 -^ne (channel number)
(vi) Full width at half maximum F (channel number) 
fixed to be the same for both lines. This was 
required due to the slight overlap of the two 
resonance lines.
Estimates for these parameters were required by the 
program. The program computed the areas as well as their 
relative errors. From these values the ratio H and its 
error were calculated.
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V' Results and Discussion.
The results of the angular scans at constant velocity
1 1are shown in Figs. 12 and 13- The values of 0 Q and 0 Q were 
taken from Fig. 12 to be -10° and +15° respectively, while 
the final experimental values©Q and 0 Q were taken from 
Fig. 13 to be -6° - 3° and +15 - 3° respectively.
Using Eq. 9» this corresponds to the following preferred
Aorientation vector P
(cos °< 1 \ /-• 105cos*< 2 J = 1 • 27^
c o s ^ y  \ . 956
o r^ ^ = 96° - 3°» ^ 2 = 3^° - 3 and = 17° - 3° (see Fig. 10).
From the way the Mossbauer sample was prepared we can 
assume the heat flow will be primarily in the negative y* :
direction (see Section IV A and Fig-. 20). The growth of the
dendrites, as described in section II A, will be along the heat 
flow direction. Since the dendritic growth direction for 
hexagonal metals is known to be perpendicular to the c-axis,
Athis means the P direction should be somewhere close to the 
(x*, z') plane. Our result t h a t ^ = 7^° rather than 90° is 
due to the fact that the flow of heat is not only along the 
y* direction, i.e. there is some heat flow towards the walls.
AThe result that P is almost along the z' direction is probably 
also due to a wall effect, since the sample was taken from a
T-1961
FIGURE 12
The first angular scan at constant velocity. The
is given by (see Fig. 11). The quantities tj) 
N1are indicated by the vertical lines.
ratio r 
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FIGURE 13
N /The final angular scans at constant velocityr = _2. (see" 
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region slightly closer to one of the walls (see Fig. 6).
Fig. 14 shows Mbssbauer spectra for three sample ori­
entations where one can see the extent to which the relative 
line intensities varied. The results of computer analyzing 
all M6*ssbauer spectra are summarized in Table I. Here one 
can see that R varied from a maximum of 1.40 at b = 0° to 
a minimum of .87 at b - 85°. Upon plotting the R values as 
a function of S it was noted that a smooth curve through the
data near b = 550 did not pass through R = 1 at sin =
o J 354 44 f as required (see Section III). It was found that a
shift of the data by +2 .9° caused the smooth curve to pass
through R = 1 at the correct angle. Note that this is not
inconsistent with our experimental uncertainty of -3° for
the angles'© a n d 0 Q . In fact this requirement that R = 1
at b = 54°44' provides a rather sensitive measure of the
Aangle between the preferred orientation vector P and the 
gamma-ray direction. This feature might be used to greater 
advantage in future experiments of this type. The corrected 
values of b are listed in Table I and these were used for the 
plot of R versus 8 as shown in Fig. 15.
Theoretical best fits to the data were made utilizing
the two models presented in Section III. The solid line in
Fig. 15 is a fit of the rectangular distribution of crystal­
lites where A^ is the only adjustable parameter (see Fig. 5> 
Eqs. 7 and 8-a). The dashed line is a fit of the triangular 
distribution where A^ is the only adjustable parameter (see 
Fig. 5, Eqs. 7 and 8-b). As can be seen, both models provide
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FIGURE 14
Mb’ssbauer spectra at three sample orientations:
Top, 6 = 55.7°
Middle, b = o°
Bottom, & — 80.5°
The off resonance number of counts and the time required for 
each spectrum were 260,000 in 6 hours, 475>000 in 10 hours, 
and 93»000 in 10 hours respectively for top, middle, and 
bottom.
Also the quadrupole splitting A Eq  and the isomer shift were 
found to be -.558 mm/sec and +.104 mm/sec with respect to 
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Experimental results for the ratio R from computer analysis 
of the Mossbauer spectra. All angles are given in degrees. 
b was calculated using Eq. 12. The corrected values of b
:re obtained 
©
as described in the text.




2.9 1.401 + .019
-6 +15 0.0 2.9 1.373 + .013
-6 +10 5.7 8.6 1. 40 6 + .014
-6 +5 10.8 13.7 1.356 + . .017
-6 0 15.8 18.7 1.328 + .018
-6 -5 20. 8 23.7 1.310 + .015
-6 -10 25.8 28.7 1.243 + .011
-6 -15 30.8 33.7 1.226 + .014
-6 -20 35.8 38.7 1.160 + .01?
-6 -25 40.7 43. 6 1.102 + .011
-6 -30 ^5.7 •£- 00 • ON 1.039 + .011
-6 -35 50.7 53.6 1.013 + .011
-6 -40 55.3 5 8.2 . 961 + .010
-6 -45 60.6 63.5 .918 + .001
-6 -50 65. 6 68.5 . 892 + .001
-6 -55 70.5 73.-4 • 00 ON + .001
-6 -6o 75.5 78.4 .865 + .001
-6 -65 80.5 83.4 .833 + .001
-6 -70 85.4 88.3 .865 + .010
+39. 6 +16 4 5.7 •£- 00 • ON 1.076 + .012
+29. 6 +16 3 5.8 38.5 1.165 + .014
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FIGURE' 15
Intensity ratio R versus angle & . The experimental data 
are the solid circles and triangles. The corrected angles 
S as given in Table I were used. The smooth curves are 
least square fits to the data using the models developed in 
Section III.
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adequate fits to the data. The choice of the parameter A ̂  
or X 2 -̂s found to be quite critical. For example, a choice 
of A ̂  = 60° instead of 62° yields a visibly inferior fit. 
Thus, we find the interpretation of the data to be quite 
insensitive to the model but quite sensitive to the model 
parameter. This could prove to be very useful for the fol­
lowing reasons: (i) one may use the model which is simplest
to handle mathematically (probably the rectangular distribu­
tion) ; (ii) for comparing the texture strength in several 
samples, a single parameter (such as A^) could provide a 
sensitive method of quantitative comparison.
For a study in which many samples are to be compared 
it would be very time consuming to collect as many spectra 
as we. did in this study of a single sample. We, therefore, 
make the following suggestions: (i) Find the preferred
Aorientation P by the constant velocity technique developed 
here; (ii) Check this orientation by obtaining a Mb'ssbauer 
spectrum at & = 5^°44' where R should be unity; (iii) Obtain 
a MSssbauer spectrum at <3 = o° and use Eqs. 7 and 8-a for the 
rectangular distribution to obtain A^. This should reduce 
the time required for a quantitative texture analysis to 
about one or two days.
The fact that the orientation corresponding to & = 0° 
cannot be measured to better than a few degrees (-3 in this 
experiment) is not critical since R(S) is almost flat near 
£ = 0° (see Figs. 5 and 15). This means that an accurate
Avalue for R(0) can be obtained provided P is found to within
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an accuracy of less than about 5°.
The assumption of the azimuthal symmetry made in sec­
tion III, i.e. D(A,/?) = D(A) was checked by analyzing two 
spectra obtained at two values for@ other t h a n © Q , with 0  
a t 0 Q . The values of 0  were chosen for the region where R 
is most sensitive tob . Since 0  and 0  are orthogonal, the 
angle between the data taken by varying(J) and the ones taken 
by varying 0  will correspond to values of (3 which are differ­
ent by 90°. The data obtained for the two values of ©  are 
represented in Fig. 15 by solid triangles where one can see 
good agreement with those values taken by changing 0  (solid 
circles). Thus, within experimental error we find the dis­
tribution to have azimuthal symmetry.
The method we have developed and described here appears 
to be a powerful technique for studying texture. However, we 
should point out its limits of applicability: (i) There are
a limited number of Mbssbauer elements (~4o) to work with;
(ii) the environment of the Mbssbauer atom must be noncubic 
in structure in order to produce an electric field gradient 
(and therefore a quadrupole splitting); (iii) the Mbssbauer 
atom concentration must be sufficient to produce a measurable 
Mbssbauer effect.
Although the effects of texture on the Mbssbauer effect 
have been pointed out (20), to our knowledge, what we have 
presented here is the first detailed Mbssbauer study of the 
texture of an alloy. A realistic evaluation of this technique 
must wait on a careful comparison with standard x-ray diffraction
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methods. If this method proves to be valuable, then the same 




As mentioned in Section IV D, the peaks in the pulse 
height spectrum shifted due to dependence of amplifier gain 
on count rate. This meant that during the experiment the 
window setting had to be periodically adjusted and there was 
the possibility that the window settings were not positioned
relative to the peaks in exactly the same way each time.
Here we would like to demonstrate that the window 
(or region of interest) settings are not very critical pro­
vided the background noise level is sufficiently small. The 
background noise B and its contribution to the Mbssbauer 
spectrum are shown in Fig. A-l.
Due to the background noise, the number of counts 
used in the experiment (N^, N^) should be corrected to give 
the true value (N N1c ): (see Fig. A-l).
N3° = n3 - NB
Nl °  = N1 " n b
n3 =
1 Ni d
nb nbAssuming that and =̂— are small compared to 1, Eq.
3 1
A-l can be approximated by
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FIGURE A-l
a. Ng is the number of counts due to the background
is the number of counts at maximum resonance of the 
line
is the number of counts at maximum resonance of the 
^ line
N^c is the number of counts at maximum resonance of the
^ line with no background noise
N^c is the number of counts at maximum resonance of the 
1-g- line with no background noise
b. The window setting for the escape peak and 14.^ kev 
tf-ray peak. B represents the background noise which 
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where e = _  (i _ A-2
NBFrom the experimental data was found to he approxi- 
N 3
mately ,05 while varied from 0.97 to 1,03. Thus
£■ = - .0015. If we assume that the effect of changingmax 0 0
the window is to change e by 10^ (a rather large and unlikely
error), then the net effect is an error in the ratio of the
N3order of .00015 which is negligible in this study since1
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